BRiEf COMMUNiCATiONs ARisiNg
It is well established 1 that light flashes produce a succession of oxidation events in photosystem II (PSII), driving an initially dark-equilibrated sample (the S 1 state) through a series of states (S 2 and S 3 ) that represent the accumulation of oxidizing equivalents at the Mn-containing oxygen-evolving complex (OEC), while electrons are transferred to a remote acceptor site. Kupitz et al. 2 recently claimed that significant photoinduced conformational changes are observed in PSII using 'diffract before destroy' X-ray crystallography techniques at an X-ray free electron laser (XFEL) source. Although crystallography experiments can potentially give mechanistic insights into PSII-mediated water splitting, the authors' illumination conditions are not suited to move a significant fraction of the system into the S 3 state, and their claim of conformational differences between the S 1 state and the two-flash sample is not supported by their crystallographic data.
Stable charge separation after light absorption is a prerequisite for S-state advancement of the OEC. Owing to the slow acceptorside kinetics for the final electron transfer step from quinones Q A to Q B , a delay between flashes on the order of >100 ms is routinely used for quantitative formation of the higher S states. Although no direct kinetic data are available for the crystals used by Kupitz et al. 2 , rate constants are available for same-species PSII preparations 3, 4 . On the basis of purified protein, the 210 μs flashspacing used in the XFEL experiment 2 can yield at best 20% of the centres being populated in the S 3 state at the moment of the XFEL probe, 570 μs after the second flash [3] [4] [5] . Alternatively, using measured rate constants for intact thylakoids or membrane fragments 6 , at most 23% of the centres have reoxidized Q A 210 μs after the first light flash and are able to undergo stable charge separation after the second flash to form the S 3 state. The reported EPR data (extended data fig. 1f , g in ref.
2) were recorded with a flashspacing of 1 s and therefore do not indicate successful S-state turnover with the almost 5,000-fold shorter flash-spacing used during the XFEL experiments.
The analysis of the crystallographic electron density is problematic for several reasons. First, no mF o − DF c difference maps were reported, although such maps are the most indicative of small changes in the OEC. Second, inspection of the deposited structures (Protein Data Bank (PDB) accession codes 4PBU and 4Q54) revealed that the authors transposed the two PSII monomers in the two-flash state relative to the dark state. As a result, the differences interpreted to arise from flash states could have arisen from the differing crystal environments between the two monomers. Third, the changes in the density surrounding the OEC presented in fig. 3 of ref. 2 are not reproducible using most well-validated methods for map calculation (with or without bias removal; Fig. 1a ). Only when generating simulated annealed (SA) omit maps exactly as published 2 using phenix.autobuild (a program that was never intended to reveal fine structural details) were we able to reproduce partially the claimed changes in the region of the OEC, but only for one of the two monomers (Fig. 1b) . However, these maps are very sensitive to uncertainties in the atomic model used for phasing, and inspecting a slightly larger area of the SA-omit map produced by the protocol in ref. 2 reveals numerous areas with similar differences between the light and dark states (ellipses in Fig. 2 ). If these were true structural changes, one would conclude that the entire protein backbone is modified by illumination. However, the most likely interpretation is that the differences are below the significance level of the experiment, given the limited resolution (5.0 and 5.5 Å) of the diffraction data.
In summary, femtosecond X-ray crystallography at XFEL sources promises to provide great insights into complex biological systems such as PSII. However, every care has to be taken to ensure that the correct states are being studied and that the interpretation is consistent with the level of uncertainty in the data. These requirements are not fulfilled in the work by Kupitz et al. 
Methods
The maximum possible S 3 -state population was calculated using t 1/2 (S 2 →S 3 ) = 70 μs, . Relative monomer placement between states was analysed with phenix.emma 7 , and the molecules placed on the same crystallographic origin using phenix.find_alt_orig_sym_mate 8 . This led to the conclusion that the monomers in the two-flash state coordinate file (PDB code 4Q54) are swapped relative to the dark state file (PDB code 4PBU). After bringing this to the authors' attention, they deposited an updated coordinate file for the two-flash state (PDB code 4RVY) correcting the transposition of monomer labels. SA-omit maps were calculated using the atomic coordinates and experimental data deposited in the PDB for accessions 4PBU and 4Q54 (with correctly swapped monomer assignment as in 4RVY), with OEC atoms set to zero occupancy and using either phenix.refine 9, 10 with surrounding atoms tightly restrained 11 ( Fig. 1a) or phenix.autobuild 9, 10 in the composite_omit mode (Figs 1b and 2) . 
